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PRELIMINARY STUDY OF APPLIED LOAD FACTORS IN BUMPY AIR

- By Richard V. Rhode and Fugene E. Lundquist
Summary

The object of this note is to present the results, obtained

to date by the National Advisory Committee for Aeronautics, of a

study of accelerations or applied load factors experienced by :

airplanes flying through "rough'" or "bumpy" air. } T
¢ Theoretical relations involved in the study are reviewed to
furnish a bPasis upon which the experimental data can be properly
analyzed. The structure of the atmosphere in relation to the
load-factor problem is briefly discussed, and the acceleration
data obtained on a number of flights with various airplanes are
presented and analyzed to the extent that the results are appli-
cable to any airplane. s

From the study thus far, it appears that it will be possi- .
ble to determine the proper design load factors for any airplane
in g rational way. However, so 1ittle is yet known of the struc-
tore of the atmogphere that the specific velocities of air cur-
rents indicated by the present data should not be construed as
the values %o be adopted as a basis for design.

Introduction

As any experienced airplane passenger knows, there are car-
tain conditions under which an airplane is subjected to rather
abrupt shocks in the air. These shocks, which are commonly re-
ferred to as "bumps,” are simply manifestations of more or less
abrupt changes in 1ift caused by changes in angle of dattack and

vrelative air speed as the airplane flies through an unsteady
atmosphere.’

- From the standpoint of the structural design of transport
or "nonecrobatic! airplanes, which never need be subjected %o
maneuvers more severe than the very mild turms., etc.., required
to achieve a given destlnatlon, the "bumps" experienced in fly-
ing through "rough" air are of considerable importance, since
they give rise to the structural loads for which the wings
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should be designed. In the past, practically no gquantitative
information on the structure of the atmosphere in its relations
to applied loads on the dirplane has exigted. To supply this .
deficiency, the National Advisory Committee for Aeronautics is
conducting an investigation of the accelerations obitained in
flight througk rough air on a number of transport airplaneg fly-
ing regular scheduled trips. To date only a small amount of in-
formation has been obtained. Eowever, enough has been accumu-
lated to throw considerable light on the subject of applied load
factors in rough air. With the object of presenting this infor-
mation this note has been prepared,

The theoretical relationships and the structure of the at-
mosphere are briefly discussed so tkhat the true significance of
the acceleratior data can be appraised. It is not claimed that
the data obtained thus far are sufficiently extensive to furnieh
a so0lid foundation for the structural design. It appears, how-
ever, that load factors for airplanes of _the nonacrobatic claes
may be determined in a rational way when more extensive statis-
tical information on the structure of the atmosphere is avail-
able.

Theoretical Relationships

The airplane is assuned to encounter an air current whose
velocity vector is at any angle to the longitudinal axis of the
airplane, but in the plane of symmetry. The curreat, or gust,
ies assumed to be sharply defined relative to the surrounding
atmosphere, or eguivsiently, it is assumed that there 1s no
angular displacement of the airplane from itg initial attitude.
and no change of velocity relative to the ground up until thae
t%me the maximum effect of the "bump" or gust is felt (Figure
1).

The following symbols are used:

o4 = inltial anzgle of attack, measured from zero 1ift of
a ; :
the airrlane before encountering gust.
Qg = angle of attaclr immediately after encountering gust
1 .
ha = aal - Ga ' ) - :
V = relative velocity of sgirplgne with respect to the
.air corresnornding to angle of attack aqg.
v = 1relative velocity of airplane with respect to the

alr corresponding to a, .
. 1

o
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U = wvelocity of gust relative to the surrounding atmos-
phere in which .the airplane is flying irnitially.

B = angle between velocity vectors U and V.

8 = angle between velocity vector 7V and horizontal,

W = welght of airplane.

S = area of lifting surfaces (assumed here as the wing
aresa).

a = = sglope of 1ift curve of wing or wing celluls.

Acg
n = % = applied load factor.
L = 1ifs.

Upon encountering the gust the following 1ift eguation
may be written:

I, = lawg)'s &V, 2 . (1)

By the parallelogram law of vectors,

v, = J v+ v? 4 zuy cos B.
Also, .o .
Ga T .G + A a.
Substituting these values of Vl' and q in egquation (1),
we have, 1
L, = ala, + Aa) S g— (U® + V2 + 2UV cos B) (2).

The 1ift equation whlch applies for the steady condition
of flight prior to encountering the gust 1s,

W cos 8 = aq, S E v= (3).

2
Solving eguation (2) for the quantity ag, S %,
equation (2), dividing by W, and simplifying, we have,

P a Aqgv?

n = (1 + A®) (cos 6 + 2 : ) (4)‘

suBstituting in
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where . : .
' 2 - (U U
A (v) + 2 v ¢o°® g

and AU
, o = sin B
Aa "= tan”t ¥

: 1+ % cos B

_(froﬁ Tigure 1).

Since B is the angle between U and V, we may differ-
entiate =n with respect to f, set the derivative equal to
zero, and solve for the angle B at whichi n is a maximun.
Ihis leads to an expression of little practical value; there-
fore n 1is pPlotted against f in Figure 2 for the following
two cases:

Case A.~ An airplane having a high wing loading and low
aspect ratio {(or low slop® of 1lift curve).

8 = o0.

P = po” = 003378 slugs per cubic foot.

a ;= ,06 per degree (3.44 per radian).

g = 15 pounds per square foots -

VvV = 150 m.p.h., (220 f.p.s.).

U = 15| 30, and 45 m-.P.h.

.% = .1, .2, and..3.

[ d
, Case B.- An airplane of low wing loading and high aspect
ratio. : " Y.

6, p, U, anda V the same as in .Case A.

a = .08 per dégree (4.58 per radian). _

g = 8 pounds per sguare foot. N

w

Assuming that the wings are not qtallgd at '%.= 3,

Figure 2 shows that the load factor is a maximum when B is

approximately 80° regardless of the.Zharscteristics of the air- .

plane or the relative velocity of the gust, This simply means
that the change in angle of attack upon encountering the gust
is of much greater importance than the--change in &ir speed,.
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With B equal to 90°, equation (4) becomes,

1 2 .. =1 U

. = paV tan =
2 = [1+ (U2] [cos B+ & : Ay (B).

.. ¥ LA
3
2 o _ -
Putting (%) equal to zero and tan ° % equal to %, which
substitutions are justified for small values of %, the ex-

pression becomes,

in which U may now be considered the vertical component of
the gust. '

) The last term in the above expression is the increment of
load factor experienced upon encountering the gust over and
above the initial load factor corresponding to steady flight

at the flight-path angle 6. Usually the airplane will be in
level flight so that cos 6 will be unity, and any ordinary
gliding or climbing angles will not be large enough to cause . ..
any anprecliable departure from that value. Equation 6, there-
fore, indicates that the maximum applied load factors experi-
enced in flight through rough air vary lineally with the air
speed, the vertical component of the gust, the slope of the
1ift curve, and inversely with the wing loading. All of these
quantities are usuvally known or can be specified with the ex-
ception of the vertical component of the gust, U.

While it is realized that the localized motions of the
atmosphere are far more complicated than simple vertical cur-
rents, any gust or air current may be considersd to have a ver-.
tical component which, as the foregoing analysis indicates, isg
the important element. It is also reaglized that local air cur-
rents may not be sharply defined with resvect to the surround-
ing atmosphere, although there are numerous indications from
meteorological sources and from acceleration records taken in
rough alr that many of them are sharply. defined. In fact, an
airplane will not feel "bump" as a distinct shock unless the
relative velocity~time gradient of the gust is steep, and it is
common experience that the most severe "bumps' are quite abdbrupt.

For the above reasons, an attempt has been made to collect

what information could be found from meteorological sources con-
cerning the intensity of vertical currents in the atmosphere

. .
,..u".u;..\._._.a '
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with the hope that some uvseful data might be obtained. Also,
in analyzing the results of acceleration tests made on air-
planes in rough air, the data have been inserted in equation
(6) and "back-figured”™ to. determine the "effective" values of
U which caused the accelerations measured. It is believed
that this is the only practicable method of reducing such ac-
celerometer data to0 a useful form, It is certainly apparent
that accelerations, as such, have né significance unless they
are considered in the light of the speed, wing loading, and
effective asoecﬁ ratio of the wing cellule.

In order to test the validity of equation (6) as a good
approximation, attempts have been made to discover a "bump®
under conditions which would indicate that it would probably
remain constant long enough to allow at least two airplanes %o
fly through it at different speeds. If the accelerations and
air speeds obtained on these airplanes when this "bump' was
experienced could be inserted in equation (6) and bacb—figured
to obtain approximately the same effective value of U each
time, 1t was felt that the use of the equation would be justi-
fied. Such a constant fbump" was found near Langley Field at
a low altitude over a stream of water on November 25, 1930.

Two airplanes, a PW-9 pursuit Dbiplane and a Fairchild
cabin monoplane whoss lift-curve slopeg had Deen measured and
which had recording accslerometsrs and air-speed meters in-
stalled in them, were flown over the "bump" several times at

different speeds. The following tadle shows the’ results ob-

tained.
TABLE I
Run No. - Airplane - Vina. . U |
' ' (m.p.h.) " (f.p.s.)

*1a - PW-9 101 11.1

2 a - PW-9 154 - - 11.2
*1 b Fairchild 101 ©10.6
Tao Fairchild 96 - 6.7
* Airplanes flown side by side.
) .

Airplane about 1/4 mile off course.

&
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Several other rumns, suvsequent to those given in Table I,
were made, but the results indicated that the bump had disap-
peared or could not be located on these runs. However, in view
of the results obtained, it is felt that equation (6) may be
used as an approximate exzpression of the load factors experi-
enced in rough air, or, in other words, that bumps may be as-
sumed as sharply defined.

The Structure of the Atmosphere, with Particular

Respect to the Vertical Currents

The structure of the atmosphere is highly complex and
localized movements or currents of appreciable intensity are
usually preseant in some form not greatly distant from any given
locality. The form and degree of these movements depend in a
general way on the season, the latifnde. the character of the

local topography, and the time of day.

From the point of view of the airplane designer, these

‘ currents are of intsrest only to the extent that they alter

more or less suddenly, and/or greatly, the relative velocity
and angle of attack of the wing cellule. As has been shown in
the preceding section, components of gusts or ailr currents par-
allel or transverse to the line of flight have but a small ef-
fect upon the wing load, znd this effect decreases with increas-
ing speed of flight. With respect to components in the plane of
symmetry of the airplane and normal to the direction of flight,
the reverse is true. It is therefore justified, for practical
purposes, to confine attention to the normal components, and
since flight is, in the nain, largely a matter of horigontal
translation, to coafine this attention to vertical currents in
the atmosphere.

As far as the relative sharpness of definition of a gust
is concerned, this is purely relative and depends not only on
the conformation of the zust itself, but upon the speed of the
airplane as well., Thus a sust or current which has a velocity
gradient from O to U over a horizontal distance of 88 feet
is experienced as a shock or bump reaching its peak in a half
second by an airplane flying into it at 120 miles per hour or
176 feet per second. With higher speed of flight the time is
cut down proportionately and the bump becomes more abrupt. So
little is knowa of the structure of the atmosphere that it is
almost impossible to say what horizontal velocity gradients
may be expected in vertical currents. It is known, however,
that convection currents mary be quite well defined as is evi-
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denced by the sharp outlines of smoke columns seen on calm days.
Further, as any experienced air traveler will attest, abrupt
bumps are freguently encountered wherever bumps are found, in-
dicating that the relative gradient is often steep, It seecns
reasonable, therefore, to consider vertical currents as having
infinite velocity gradients, at least until the structure of
the atmosphere is better understood, On this premise, then, 1t
is only necessary to establish the magnitude of the verticsal
velocities of gusts that may be experienced in verious condi-
tions of the atmosphere,

In attenpting to establish the magnitude of vertical ve-
locities from existing data, 1t was found that tliere was a
decided lack of information sufficient to be of great statis-
tical value, although some definite values have been gleaned
from various sources which, taken as a whole, seem to present
a consistent picture, '

Line sqgualls (Reference 1).- Next to the tormado, which
will not be considered here, the line squall is the most vio=
lent of atmospheric disturbances. It is caused by the dis-
placement of a mass of relatively still, warm air by a wedge-
gshgped mass of much colder air advancing, in general laterally.
It may extend over a front ranging up %o 1,000 miles and is
usually so broad that 1if ie impracticable to fly around it.
Because of the large difference in temperature between the ad-
vancing cold wedge and the surroundiag warm air, violent con-
vection 1ls set% up at the fronmt which extends to about 4,000
feet altitude. If accompanied by thunderstorms, as is some~
times the case, strong vertical currents may occur as high as
20,000 feet. 1In addition to these strong currents at the storm
front, strong turbulence exists.in the c¢old air as far back as
5 miles from the front.

Ho direct measurements of the vertical curreants in line
squalls have, %o the writers' knowledge, been made, but their
strength has been deduced from calculations of the velocity
necessary to sustain hailstones of various sizes. Since hail-
stones consist of concentric layers of ice, it has been rea-
soned that their growth is caused by successglve transitions
from low to high altitudes in strong convection currents re-
sulting in alternate accumulation of moisture and subsequent
freezing. This procegs takes place until the hailstone becomes
of such weight that the vertical currents can no longer give it ’
support, when it falls to the ground. The following table,
talten from Reference 1 and due to Dr, G. C. Simpson, gives the
velocitlies necessary to sustain hailstones at an altitude of
13,000 feet (presumadbly in standard atmosphere). Another col-
umn is added to give the "indicated" velocities based on stand-
ard sea level density.
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TABLE II
Diameter True rate of fall "Indicated! rate
(in.) (f.p. s. ) of fall
S (fepes.)
0.5 . 53 ' 43
1.0 A 475."‘,;': | ' 61
1.5 "oz o 76
2.0 7 g - 106 e o - 87
5.0 |- dsa L1 1o

Hailstones as’ latze as- 0«5 inch in diameter are fairly
common. - The. larger ones are.rare, but speclmens ‘about 2.5
inches.in diameter fell during a thunderstorm at Dallas, Texas,
on May 8, 1926.

It is, therefore, seen that vertical currents associated
with line squalls may be exceedingly intense. Tae line squall
thus becomes not a problem for the structural designer, but for
the weather forecaster associated with air transport operations.

Thunderstorms.~ Perhaps equal in intehsity to the line
squall is the thunderstorm. The same considerations of hail-
~stone formation that apply to line squalls also apply to thunder-
storms. In addition, we have an isolated measurement of .a ver—
tical velocity id a thunderstorn of 10.5 meters per.second (34.4
feet. per second) through an altitude of 10,000  feet (Reference
2) and Gregg, in Reference 3, states that vertical velocities in
this type of disturbance may be from 8 to 10  meters per second
(26 to 33 feet per second). Thunderstorms vary in severity,
however, and vertical velocities up to 117 feet per second, as
evidenced by the Dallas hailstones, may be expected at times.
The same conclusion that applies to line squalls, therefore,
also applies to thunderstorms, viz., they must Pe avoided.
Tortunately, the thunderstorm is readily reCognized from the
air, gnd being 10ca1 in character and slow mOV1ng can easily be
avoided.
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Obstructional disturbances.— By obstructional disturbances
here are meant any turbulence or gustiness which occurs as a
result of winds blowing over obstructions such as buildings,
woods, hills, or mountains. Thus, obstructional disturbances
may extend only to low altitudes as caused by buildings or low
hills, or they may extend to high altitudes as caused by moun-
tains. Gregg (Reference 3) states that the influence of build-
ings and topographical irregularities extends to about four
times the height of the obstruction above the general level of
the earth's surface in their vicinity.

There are no direct measuremernts available of the vertical
components of gusts sncountered in obstructional disturbances.
The acoeleration data given in the next section, however, offer
some indication of the magnitudes ¢f vertical components to Dbe
expected,

Convection currentg.~ Convectlion currents are meant here
to be the ordinary vertical currents arising as a result of lo-
cal heating of the terrain. Although the strong vertical cur-
rents associated with line squalls gnd thunderstorms are truly )
convection currents, it is desirable to classify them separately. #&
because of their relative intensity. '

Ordinary convection is essentially a fair weather phenom~
enon and "is most active on summer afternoons, particularly in
the vicinity of cumulous clouds." (Gregs) A number of direcct
observations of the vertical velocities of convection currents
have been made at several meteoroclogical stations, all of which
are in agreement to the effect that 10 to 13 feet per second ars
usval average velues. Values as high as 23 feet per second have,
however, been measured immediately under cumulous clouds (which
may always be considered signposts of sirong ascending currents).

Presentation of Available Information on Accelerations

in Bumpy Air with Particular Reference to Values of U

A few odd bits of information are available concerning the
magnitudes of accelerations experienced by airplanes in bumpy
alr. It has been showan that the magnitude of the acceleration
experienced in a bump is of 1little interest in itself since dif-
ferent accelerations may be experienced by different airplanes
encountering the same current, and different accelerations may
be experienced by a given airplane in a given current depending
upon the speed of flight., AMAcceleration data obtained in dbumpy
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air are therefore of 1little value unless accompanied by specific
information concerning the aspect ratio of the airplane and the
wing loading and speed at the fimes the accelerations were meas-
ured as well-as by the correlated meteorological data. In most
of the acceleration data which have been obtained, such informa-
tion is known only approximately because of the lack of appreci-
ation of its importance Dy those entrusted with the task of
sending it with the acceleratioan records for 'analysis. However,
where specific information is not given, assumptions and deduc-
tions can be made from-which a fairly good idea of the true
meaning of the accelerations can be obtained

The principal sources of the available information concern-
ing rough-air accelerations are Refereance 4, Reference 5, and
some recent records obtained by the National Advisory Committee
for Aeronautics on airplanes flying on scheduled cross—country
trips.

3

Analysis of Reference 4.~ In this paper, which is devoted
primarily to a description of the underlying pr1n01p1es of an
accelerograpn, several records are given which were obtainsed on
scheduled trips of a few Buropean air lines. :

Gase 1

Date: September 9, 1926

Airplane: “Fandley Page Trimotor (0.3.A.HY. )
Pilot: "Cocquyt.”

Route: Brusssels to London and return.
Weather: Described as "calm,”

Accelerations (in g wunits)

Haximum Minimum Approximate

average
Departing Brussels 1.4 .7 .9 to 1.1
Over Calais Channel 1.0 1.0 1,0
Arrive English Coast 1.3 .7 .8 to 1.2
Between Dover and London 1.6 « 55 -
Arrive Croydon l.4 o7

The description of the airplane was not sufficiently conm-
plete to permit assumptions as to wing loading, etc., to be
made and hence solutions for U oan the basis of equation (6 )
are not warranted. The data are of interest mainly because of
the correlation of specific values of accelerations with what
is described as Ycalm'" weather. )
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Case II

Date: October 11, 1928.

Airplane: Farman "Jabiru" monoplane (F-A.I.C.S.).

Rounte: Brussels to Le Bourget on the Paris Amsterdam
eir-line.

Weather (on outbound trip): "Quite disturBed with a
22~kilometers per hour southwest wind at
500 meters altitude and S54-kilometers per
hour wind at 1000 meters.”

Altitude: "The complete trip was accomplished at low
altitude: 100 to 300 meters approximately.!

Accelerations (in g wunits)

faximum “Minimum Approximate

average
Brussels "Hall 1.7 3 .6 to 1.4
Between Braine-le- Compte
and Mons - - . o TRl ' i .5 to 1.5
Over forest: Lo 1.7 0 6 to 1.4
Between Le. Cateau and . ' :
Bobain Co 22 3 .6 to 1.4

Weather (retura trip): Worse than going trip; 29-kilo-
meters per hour wind at 500 meteérs.

Note: Records were taken only early in flight on calmer
portion of trip. It was the observer's opinion that in later
stages of the.return.trip "very much greater" accelerations
were experienced than any on the outbound $rip.

Accelorations.(in g wunits)

‘Maximum Minimum Approximate
average

Deparf from Le Bourget 2.0 .3 .6 to 1.4

Note: The observer stated that "If consideration is takoen
of the fact that the aerial lincs operate under much more unfa-
vorable winds, these few tests seem to0o indicate that total ver-
tical accelerations of 2.5 g * x * % must be consideradbly ex-
ceeded at times.! . - - -

FProm the remarks on the weather in Case II, above, as well
as the statement that the airplane was flown at low altitudes,
it seems probable that the sky was. overcast with a low ceiling.
This would lead to the belief that the bumps encountered were
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caused by what has been termned "obstructional distutrbances" or
turbulence in the atmosphere set up by the flow of wind over
obstructions on the ground such as hills.

An idea of the magnitudes of the vertical velocities of
the air currents eacountered by the "Jabiru' in Case II may be
obtained by umtilizing equation (6) and applying it to the known
accelerations and the probable conditions of wing loading and
air speed of the airplane. These computations follow: D

Characteristics of "Jabirul*

Span ’ ‘ T B2.34 %,
Total wing area _ 968.75 sqg.ft
2 .
Aspect ratio 62.39% = 4
968.75
Fuel consumption. . 7,078 1b. gasoline and
284 " 0il 'in 1,889 miles

with six take-offs
and landings.

High speed (sea-level) 130.. mi./ar.
Weights: o .
Enpty (with equip- - -
ment) : 7,350.2 15b.
Radio - 264,35 1
Crew, passengers, N ) )
and baggage . 2,226.6 - A . ) . . L
Gasoline - 1,463.9 I . . . '
0i1 ___1s8,7 M
Total 11,464.0 1 -

Probable Weights as Plown on Paris-Amsterdam Flight

Distance (approximately):

Paris ~ Brussels . . . 180 nmiles
Brussels ~ Amsterdam 110 i
Total 290 v

Fuel .consumption per mile:

7,079 + 284 .
2 = .88 1b./mi.
1,889 .8 1v./mi

*From N.A.C«A. Aircraft Circular ¥o. 15.
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Therefore, fuel and o0il required for a 300-mile flight equals
Z.88 x 300 = 1,164 1b.

Assuming a 25 per cent margin, the total fuel carried for the
complete trip from Paris to Amsterdam (one way) equals

1.2 x 1,164 = .1,450 1b.
Assuming that the airplane did not cerry this quantity of fuel,

expecting to refuel at Brussels, the weight of fuel carried
would be approximately

1.25 (180 x 3.88) = 873 1b.
On the basis of the above information and assumptions and

further assumptions as to pay load carried, the following table
can be made: _

Logsding Condition Weight

Fuel Pasgsgengers
1,450 2,227 Maximum probable load 11,291
1,450 1,113 Half pay, full fuel 10,178
873 2,227 Full pay, short fuel 10,715
873 1,113 Half pay, short fuel 9,601
873 557 Quarter pay, short fuel 9,045

From this table of weights: assuming a speed of 80 per cent
of V,.. (.80 x 130 = 104 miles per hour) and a 1ift-

curve slope of 3.8, a table of the probable effective values of
U can be made. TFor thais purpose, an acceleration of 2.5 g is
assumed, in view of the measurements and observers'! remarks, as
a representative maximum value to be expacted in rough weather

on the Paris-Amsterdam route in the "Jabiru" airplane.

Weight Wing Loading v Acceleration U
(1b. per sq.ft.) (m.p.h.) (g) (f.p.s.)
11,291 11.65 104 2.5 25,4
10,178 10.50 104 2.5 22.8
10,715 11.08 104 2.5 24.1
9,601 9.983 104 2.5 2l.6
9,045 9.35 104 2.5 20.4

It 1s thus seen that the effective value of U in Case II
for the worst bump lies between a probable minimum of 20 feet per
second and a probable makximum of 25 feet per second.

b -
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" Weight .=- 4,595 -

and

From equation (6):

N.A.C.A. Technical Note No. 374 is

Analysis of Reference 5.-
Airplane: DH-4B,
Pilot: Doolittie.
Route: Between Wilmington and Philadelphia.

- Weather: "It 'is probable that these accelerations -
are the result of flying into convection
currents.". Further described as "aver-
age rough air.®

Altitude: 1,500 feet. ) ‘
Accelerations: Maximun 2.2 £
Minipup +~.5 g -

Characteristics of DH-43

. Wing area - -7 - 7 . 440 sq.ft.
-Weights: t?;- e B - . |
\ Empty o il‘ -*._ . . . 2,939-0 1b. . .',--'.-.:‘-.'.
Fuel oo T - AWz, o,
01l ol T 87,8 " S
Armament 'T:7-° . 356.4
Equipment - ¢ 77 39B.6 M
Crew i : .. - - '- . . ZSQ’.._Q,_ : "
Total Cr e “_ 4,595‘0 u

'Sb;utibn.fo: ‘U

Assume conditions as foliows:
(a) Half fuel, half crew, no armsment:

| 473.5 _ 360

- 356.4 = 13,822 1b. -

2 2
(b) Half fuel, full crew, full armament:
N S P -
Weight = 4,595 — 2(3:2 - 4 358 1%,

2

Also assume A G U
Orad.
Vo= .80 V.o = "94-@§./§r.

- _ [ 15.9 ft./sec.
(a) ~ 1-19.8 ft./sec.
g, = [18.1 ft./sec.
(v) ~-22.8 ft./sec.
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From these data it may thus be inferred that the effective
value of U in "gverage rough air®, caused by ordinary convec-
tion currents is in the neighborhood of 16 to 23 .feet per second.
It is of interest to note the general agreement between these
values and those obtained by direct measurement of convection
currents given in the preceding section, remembering that the
direct measurements refer %o average velocities throughout the
ascending ciurrents.’

¥.A.C.A. Data

The data obtained by the National Advisory Committee for
Aeronautics are tabuleted "in Table III (see Figure 3). It is
not possible to draw final conclusions from these data because
of their meagerness and the lack of specific information con-
cerning the air speed and weather conditions or 1local topogra-—
phy at the time the worst bumps were experienced. Several facts,
however, seem clear. .The highest accelerations were obtained
over rough country when there were relative sitrong winds Dlowing.
These accelerations were therefore probably associated with
"obstructional disturbances," and the correspoédnding values of
U range up to about 22 feet per second. The lower accelerations,
with corresponding values of U wup %o about 15 f.p.s., were usu~-
ally not associated with high winds and may have resultcecd either
from convection currents or "obstructional disturbances.” Night
flights were generally very smooth.- :

From informetion that the: Committee has received the sccel-
erations of the ordetr of four (4 g) have -been obtained in rough
air, and it is evident, therefore, that the data of Table III
do not represent the worst conditions sometimes encountered,
since in no case given in the table did a pilot report unusual
conditions. : : - -

rd

Resume and Discussion of the Applicability of the Data

The load factor which any airplane wlll experience upon
encountering a vertical current of ahy degree of intensity can
be calculated with fair approximation .from the expression,

' ' ' Po & Uy ¥y :
n = c¢os B + == = i

v
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where

n = 1load factor.
@ = <flight path’angle (%o be considered 0).
Po = standard sea-level air density.
a = A CL/A a radian.
U; = 1indicated effective vertlcal velocity of air
current (feet per secomnd).
Vi = 1indicated air speed of airmnlane (fest per
second).
b = wing loading (pounds per square foot).

All of the quantities involved with the exception of Uy
are usually known. Probable values of Ui, based on the accel-

erometer and meteorological data discussed in the foregoing sec-
tions, can be summarized as in Table IV. :

TABLE IV

Velocities of Ascending Currents
| Line ., .} Thunder- Obstructional Convection
squalls . storms disturbances _currents
U (f.p.s.) | 43 to 108 |43 to 108 |Up to 27 or Up to 22 or
) nore ‘more
Altitude .| Up to 4, 000| Up to Yaries with Up to 4,000
ft. 20,000 fi. terrain ft.

With respect to the last two colunns in this table, there
seems to be a good probability that values in excess of those
given occur at times, although rather infreguently. Far more
data than are now available will be required before any defi-
nite values of U for which to design can be established and
before the relative frequencies of values of U of different
magnitudes can be determined.

In view of the approximate character of the data on U,
it is needless to attempt great precision in applying the "bump"
formula. Thus, the slope of the 1ift curve, A C A a, need be

only approximately determined. Average or probable values for
biplanes and for monoplanes are the only omes that should be,
used at present. These values may be taken as, -

ay = 4.0 per radian for biplanes. .
an = 4.5 per radian for monoplanes. -’
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The Y"Dbump" formula may be represented in chart form, for con-
venience,. as in Figures 4 and 5.- In using these charts, read
up from the speed, scale to the 11ne representing the desired
value of U, thence to the left to the line representing the
given wing loadlng, and thence diagonally upward to the load
factor dcale.: ' T S - : s

To, determine the design conditlons, the frequency of oc-
currence of bunps of various magnitudes should be taken into
account. As an illustration of. the prod¢sedure, let us assume
e hypothetical example for an airplane having a gross wing
loading of 15. S

" First, construct & load-factor chart for ‘the given wing

loading such as Figure 6. This is done by plotting the general
expression for load factor, -

1 2
W
(I

= [t
I
=]
|

-

which is simply a form of the general 1lift eguatlon, with the
symbols having their usuwal or standard significance. Now let

us assume that the airplaie is a monoplane having an estimated .

high 'speed of 160 miles per hour and a cruising speed of 135
miles per hour. Also, let us assume that the pllot is obliged
by mandatory reguiremonts not to exceed 15 per ceit in exccoss

of the high speed or 185 miles per hour. So much for the per—“j

formance of the airplane. Now let us say that a vertical ve-

locity in gusts equal to 15 feet per second occurs with suffi- ’

cient frequency so that the alrplaace may be exvected to en-
connter this.current at any speed vp to the limiting speed of
185 miles per hour. Also, let us say that more severe bunps,

with U = 25 feet per second, may be encountered, but that they-

are . so infrequent that they may be assumed to occur only at the
most common flying speeds, nanmely, .crulsing speed or less.’

On this basis the dotted boundary line on the load factor

‘chart of Figure 5 may De ‘determined by means -of the "dbump" for-

I I 1IIBI deife 1o

Al

Y

4

[ A EOE I

Sl

mula or chart. The area enclosed.by this dotted line reprcsents
all of the probable conditions which are likely to be encountered
in flight on the basis of our original assumptions. Points A4,

B, C, and D will usually be found to be the critical conditions,
although not necessarily so. Note that points A and B are
"high angle of attack! and "low angle of attack" conditions,
respectively, dnd that there are two critical inverted flight
conditions, one of them near. zeéro 1lLift. .If a factor of safoty

of 2 is applied to give the design load factors, the boundary
line is expanded to give the dot-dash line shown.
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Recommendations

.1, Measurements of accelerations in rough air should be
continued until a sufficient quantity of data are obtained to
be of statistical value. _

2. % is highly desirable- that closer liaison be foected
between those -agencies obtaining these data and those analyzing
them to the end that better correlation between the accelera-
tions and the correspondlng conditlons of weather, terrain, etc.,
can be ‘had. . e A

3. A combined air-speed meter and accelerometer, which would
reguire no attention in service, should DPe devised so that exact
relationships between the speeds ‘and accelerations can be estab-
lished over a long period of operation on any airplane.

4, Attemnts should bPe made to determine velocity gradients
through cross‘seéctions of vertlcal currents so that proper al-
lowance for the .vertical velocity of the airplane in the. current
cet be made. In other words, the valldlty of the "bumn“ for-
mola should be ftrther verlfied.- - S 2

Langley Hemorlal Aeronsutical Laboratory,.
National Advisory Committee for Aeronautics,
Langley Field, Va., ADril 9, 1931.
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N.A.C.A. Accelerometer Measurements in Rough Alr

TABLE III.
N B * aok *KK
8 ] .
& g~ i
3 o N - wolas Uind. g
- o 5H % = £ A -
- *’ g . ™ ¥ g~ = Veather Pilot's comments
= =3 [ [o] o] ) (I@h.) [ f e
o o] & o ol P 3 H
o D ol
i ~ 3| & g 2 Bl e g
& & fopase S 5
Salt _Loke | ool 33565 Palofln o] (185) | 1u6 | 85Y| __ _
1 | cheyenne 224 8-11-50 6:20 P.M.| 07| 188 | .3 |-10.07 Olear
Oekland 8:00 AM.}[/ (120) | 1.6 | 7.4 .
2 ,Sac—ramento 221} 9-10.-30 8:41 AN, 1C.6 176 "4 | —mav 2000 Good Very smooth flight.
1
| Sacramento 4:57" PRy . . 1(120) |13 | 3.77|,.no | Heavy clouds over| Flew above clouds
—— - : 0
Bal ~ oy | 281] 9-10-80| stan £ 1061175 |6 | 4.9 | PP | mourains except Tor occa-
gl onal heads.
2h 1.8 2.9 Yery rough descend-
ol [-17.3 Y ing through clouds
above Reno.
Seattle B:45 AM.d (125) |1.5 | 5.9 Heavy clouds -
4 - 0. . .
Portland #21|9-~ 9-30 9.53 A.M. 10.6 183 b5 | ~B.9 v 8000 broken mostly Very smooth flight.
below 3000 f%.
Remarks
1 |Average accelerations about same as maximum throughout flight.
2 |Several locel bumps recorded 15 mimutes after take-off.
3a|Averags acieleratlons less than maxjum.
3b|Record shows high accelerations during last 5 minutes before landing; undoubtedly these occurred while
descending through clouds. :
4 |Record shows only occasional bumps.

(A1) references ligted at end of table.)
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

* x% Wk
a % &~ o
. [11] - = [1s]
soe lel 2| & i |33 W) 23
2 :s 4 “ o N 8 . ﬁ.ﬁi Weather Pilot's comments
o ﬁ' o o [ (mph) LA f, A
Q [ lud P. -l
gl |43 2 : HIE Y
S = f.p.s =3 =
Portland 10:24 2.0}/ (125) 1.8 9.5v Approx, scms a3 | Bougher than Xo. 4.
5| yodfora | 2°L| 9= 9301540 pou 1306 183 [-.2 {-14.2v %00 | Y0, 4 except | Shortly after 11:00 A.M.
clouds higher. | one hump caused passen-
Latter part, gers to leave their
rain squalls. seats,
Rain at M¥edford.
Medford _ g_mp| 1:25 P.M. /45 gi(185) [1.9 10.7": so0o | Improved toward | Worst bumps experienced
6 Oakland 42l 9= 9-30 4:00 P.H.‘l -6 183 .1 |-10.7 7 Oakland. upon approaching Oak-
land.
10 | Cheyenne H 8:09 A M. Y (100) |2.65| 22.7 ",11500 Favorable. High | Worst bumpes encountsred
276} 9-12-30 1 9.4 N
Salt ILeke 12:68 P.h. 71 147 {~.3 {~17.9 Y| and = | cirro-gtratus. |between Elk Mt. and
7600 |Wimd 5.¥. ¥eFadden.
35 n.p.h.
Salt Idce 12:52 P.M. YV (100) [2.35 15.6"‘: Cloudy. Wind Worst bumps experienced
Vel oy 127619-12-801" on bk | 84147 |-v6 |-19.7Y P |5 5. 15 mp.h. |upon crossing ranges.
at ground, 45
m.p.h- at alti—
tude.

Remarks

5] -Negative load factor of —.2 ig ons mentioned by pilot. Numerous bumps recerded within range of +.2 & +1.8.
6 |Worst bump recorded at 2:07 PcM.; near Oekland accel. became frequent, rarging from .2 to 1.8 g.
10 |Max. accel. usually gave load factors ranging from -.05 to 2.1, which would give values of "U" of -14.5

and LMK 1 F .o rasnantduvaly
alll Tidedl LeeBe, ICRDOLVLYCLYy »

1la|Record shows that worst bumps occurred when crossing moumtain renges both approaching and leaving Elko.
Load factors experlenced approx. same in each case.

BUAEYRR B
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

- - W | ok *k¥
T . 3 % iolgo Ll B
S0 el S 8 |mf (52| Y sE
o o o & - K Weather Pilot's comments
o o £ o o . '?T: ‘Peg. 5
ki H 3 A & f.ps. E 3 31 g
2.65| 20.3
b ~.65|~20.3¥
. I
2] ;.R_‘eno: 276l 9-12-30| Egg 2'3\/8.4 (3.98) 2._‘2 3.;4.:3:, 5000 Overcaslil, wifh storm 'f‘ 1', laumps encoun-
vaxians . 4§ TIUV Cueliw L4 sl [=Lles ¥ Approaciing ITrom tered betwesh Renoc
¥.¥. (louds high, | and Sumit, over
thir and broken the Concord Hills.
Cheyenn . Ao (100} | 2.15] 16.3 7]
13 Se1t I.eke 276|12-25-30 AN, 71 9.7 127 | -.25l-19.2 4
f |
Salt Leke v (100) {2.00| 14.2 v}
14 _— 2 12"' 9‘-3 wilis 9.
Rema | 0| o290 P "7’ | -.20 171
o vl
Salt Lake 8:10 A.M.|7" | 147 | .50| -7.17
_ -3 v
16 Salt Iske 2 - 431 B:25 A.M.¥; . (100) 11.35 | 4.5
hemo |70t 1240 P.g. | 0| 147 | .50 | -6.4Y
Remarks
11b|{ Record shows maximum acceleration experienced while approaching Reno from the east.
12 |Record shows worst bumps occurred 12 mimutes after taking off from Reno.
13 |{Pilot made no report of weather. Record indicates generally rough air. Negative load factors were ex-
perienced three tlmes.
14 |Pilot made no report. Record simllar to No. 13. .
15 | Pilot made no report. Record shows continuous bumpe of same magnitude.
16

Pilot made no report. Record similar to Fo. 185.
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

"N o
2 32 .
. ’Eo 'EJ Vi Bl ot g o
© o ~ ) Z % ind.] B9
. ol & . SO -5
L= - g LY 4 g + o Weather Pilot's comments
gl # 4l ° ° 1 El(upn) | S 5lee, | 9
gl e Bl oo g |8 g3 T g
S <8 al f.pese 5 3 i
Reno 2”6 1.—- 4_31 2:12 P‘H./B-B (100) 1-80 10-3‘, loo(x) G-OOd-_ NO clO‘D.dS. IOI‘St bu!nps a.I‘O‘l.lnd verdi-
17 Oskland ‘ 4:12 P.M. 147 |~.50]-19.4 ¢ ¥.W. wind.
Daklend - 0. 8:00 A.ﬂ‘fg_s (100) |1.45| 5.5 8000 Clear, with some i Generally bumpy; worst
18 Reno 2761 31 9:57 AM. 147 22| ~9.57 light ground fog.| bumps encountered over
Low fog 1n moun~ | the Concord Hills, be-
talns. Wind N.E.| iwsen Avburs aud Sumit.
10 moPoh.
Reno . 10:30 AM.Y (100) |1.70| 8.4v
1916a1t Taxe| 2702 951220 Py 0° {147 | 17 |-10.04
Selt Leke 3 4200 Puliay, 4 |(200) [1.53| 7.3}
20 Cheyenne 27611-18-311 o 04 Pl 0*4 ' 1ar | .15 la1ow v
Tt ' . v '
Salt Ieke 9:37 A.M, (100) [1.1 1.4 Clear to broken | Worst bumps encountered
21 Reno 7571-30-51 1:45 Pel_&,.ﬁo 147 9 | ~l.4 410000 overcapt. Cirrus | over Ruby Mountalna.
clouds.
Remarks
17|Record shows two local areas whers bumps occurred, at 3:15 and 3:37 P.M.
18|Record shows generally rough eir with a few lsolated maximum accelerations.
19|Pilot made no report. Record indicates gemerally rough alr. Very similar to Ne. 18.
20|Pilot made no report. Records indicate relatively smooth air. Average load factors .5 to 1.35 correspond-
ing to values of "U" of -6.9 and +4.8.
<liRelatively smooth as judged by record.
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TABLE TII. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

* R L2
- -+ -
A~ o
o c o pa = ind) & &
il - 5 + B g th £t
- g . — F ) | 82 g ne Weather Fllot's comments
K s — o o S p — ‘D. a A
8 o] ﬁ‘ o o ﬁ: 8 8. -E
Q - - a8 D Q b
[} a5 -3 a *Ej f‘P’S' =5 o ]
Reno 2:30 DM (120) 11.5 | 6.1v Partly cloudy with! Practically ealm.
&2 Oaklana | 107|1~30-31 4:35 .'E'.M.Vj'o“2 176 .35 | ~7.9 v] 2000 showers. Worast bums en-
countsred over Mi.
Diablo approximate-
i1y 15 miles out of
/ Oskland.
Oakland B:00 P.M. (120) {1.25| 3.0 Storm west end Practically cd m.
23| V== 137{2~ B6-31 0.2 500
Reno 4 10:40 ;E’.M.Kl 176 .60 | ~4.9 Y 0 clear east. Very few bumpe,
' / if any.
Reno _ 10:15 A.M. (108) [1.35 | 4.7 Fog at Elko and
R4 Cheyenne 71872~ 731 8:00 P.M, 9.8 154 .50 —6.’?‘/8000 Salt Leske. TLight
N.W. wind.
¥ : M. . 3 goop | Cleer on rum, sol- | Nearly celm but
2p | Cheyenne - 10:20 AM 0. (110) |1.45 | 6.3 . v
Selt Lake 7i8% |5~ 851 2100 p.M, 10.8 181 .55 18,3 ¥ id overcast at bumpy between Lara-
Salt Lake about mie and Ft. Steel.
2000 ft. thick.
. 4 - t Bk
ng| Cheyenne Ly 7:46 PuMaf 14 1|(100) (1.15 | 2.4 80 Light fog at Chey- | Worst bumps at B
6 Salt Lake 7137)2-13-31 12:25 A,M, 1.1 147 .80 {.3,2V o0 emme. Iight haze |Mountaln and
and smooth gt Weecatdy Mountains.
fialt Teke.
Remark
22 |Relatively smooth as Judged by record except during last 15 minutes before landing at Oakland.
23|Records show a few bumrps on west end. Night flight.
24|Bumpy upon approaching and leaving Eiko.
25|Records show bumps as in pilot's comments but also equally severe ones upon gpproaching and legving
Rock Springs,
Record shows that it was relatively smooth.

26

Flight made at night,
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'q)

o o &* £ ] %k
& ) Pup o
-l ot w3 U" h o]
. © ~— i Vi wto| in 'S )
o o G4 Al = +
= " 8 o o ... i PR 1
o o 3 a3 H 5 - '8 3 Weather Filot's comments
h . o] s . (@h) ~ f‘h, 8~ -
sl o |4 4 2 TR
i . A o f.pesd § 8 3
Salt ILake 1:35 A.M. (100) | 1.15 2 Good. No clouds.
87| " Reno | 7237 2143 go5 au.|10F| 1ar’ | Le0|-2.9 S.5.W. wind 10
m.pnhc
Reno 7214 A, (100) !1.10 Cloudy and fogey |Worst bumpe near Reno.
e 7137 2-14--31 10.0
28 Salt Lake 137 2-1 11:33 A.M. 147 .80 with storm clouds.
Su-WL win-d 15 mnpihﬂ
Salt lake 10:30 P.M. (100) 11.10
29 Wendover 7187 8-14-31 12:05 A.M. 10.0 147 1.0
reﬂdnvar 6:40 A!Mo ’ (1m) 1-30 4.3
30| - ORCAY 2= 10.0
Wendover 7187 2-15-31 7:45 AM. 147 {1.00 1} O
37 |Wendover 2.15-51 | 12106 PuMe 94 {100) |1.76 |10.7 moog | Fog-  S.W. wind YWorst bumpe encour-
Reno 7187 2-15-81 4:02 P.M. 147 45 1-7.9 16 m.pche at alti- jtered upon approach-
. tude. ing mountalns.
Reno 2. 12:00 P.M. (100) {1.10 | 1.4 Foz. Alto~cumulus |Very celm.
a2 Salt Iske 7137 2-16-31 6:53 A.M. 9.6 147 .90 [-1.4 000 ‘clouds encountered.
N- w_lnd 1() m.p.h-
at altitude.
Remarks
27|Plight made at night and loed factors rescorded were low.
2B|Maximum bumps expsrienced during first 15 mimtes after leaving Reno.
22 |Pilot made no commenta. Flight made at night and record indicates that it was smooth.
30{Pilot made no comments except that he returned to Wendover on account of the weebher.
31 |Becords indicate that worst bumps were experienced upon leaving Elko.
3g

Flight made at night. Record indicates that it was very smooth.
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TABLE III. UN.A.C.A. Accelerometer Measurements in Rough Air (Cont'd) -
* K% *k
© + .
:@ ’& fl.,-..-\ M "§'ﬂ
e o o h Vs = B0 Ying. o
=l . gl = "” W B g '
A R 1
':‘;, n K| b o 5 | (mph) & Sl 744 Weather Pilot's comments
6 [w] E‘ Q ¥ ‘f:)’ r-B. . o
A : 2| 4 8 5H
Oal-land 8:00 P.M. | ( 90) |1.50] 8.2 Clear with 48 m.n.h.{Worst bumps bet
33 - 71371 2~19-31 O. 8000 e mps between
Reno ¢ 11:20 P.M. 10.3 132 25|-12.3 N.E. wind. Blue Canyon and
L Truckee,
34} Reno  lmianlo 19.37(11:35 Al lqq 2{(100) [1.80] 11.6Y, manq|Few acattered clouds
Salt Itake 5:35 PQH. 147 vso "7\:5 15 m.P.h- N.NIE!
wind.
Salt Take 7200 A.M. (120) |1.50 6.4 Broken and overcast
2~2 g . 6000
8% Reno 7 0-31 11:30 A.M. 9.9 161 35| ~Ba with cumulus clouds.
zg] 3610 w1%7| 2-20-31 | 11238 AM.| g o1(110) [1.30| 3.8 gznglClear W. wind at Rough all the way
Oakland 1:18 P.M. 161 A5 =7.0 0 25 m.p.h. but worst around
l{ Snow Mountain.
gpi0ekland  lhinnio op wal 8:35 PuM.lao 51(120) 1,251 3.2 11600 [¥-E- wind 50 m.p.h. IWorst bumps 25
Beno 12:22 AN ave | .68 -4.51 miles west of Reno.
Reno 18147 A, (100) |1.40| B.5 Giear. =25 m.p.h. Woret bumps just
38| a1 zake| 157 |PB18L "5 a5 4oy, | 26114y | .68 —4.8+ 8000 |y, &, wiza. out of Reno and
over Great Salt Iake.
g|5alt_lake 1| 9:33 PM. 30,1 ](100) 1.0 | © ﬁaooo Clear and calm
i_,r__Reno 7137 22281 155 a0 ey’ o | o /i with 1ight WE. wind
Remarks
33 |Records show maximum lomd factors were recorded a number of times from 10:20 to 10:45 P.M. Wight flight.
34|Generally smooth but local bLumps encountersd at times. ' :
35 |[Bwmpy upen approaching and leaving Elko.
2€Racords indicabs that it wes rough all the way from Sacramenta to Oskland. Iload factor ranged from .45-1.3
37 |Relatively smooth. A few local bumps. Night flight.
38|Night flight.
391F1ight mads at night. No noticeahle bumme.
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PABIE ITI. N.A.C.A. Accelerometer Measurements in Rough Air (Cont ')

* xoH sk
a3 43 .
= :% '..% 7 BT amm o
o @ — — 1 = T 053 =
= © % 4 = Loust g
* F " v -l AR
® o x H Y 5 g . » e Weather Pilot's comments
! o iy 0 (mph) o f @5
& 8 P. ol
& o Z | 8 g ) 8. o8
A Et f.p.a. = 3 <
Renoc 2:08 AMa (120) | 1.0 o Vv Foggj in bay re-|{§o bumps encountered.
e 37 2-23~ . 0 amp
0| haXiand 7187 31 5.17 MK 1011 Hymg" 11,0 | 0 7 1000 gion. Wind S.¥W.
. / 5 m.p.h.
41 Sg.l?—%l%:;e 7137 2-24-31 ggg E.:f{. 10.0 (izg) i:g 8 v 7000 | Clear No bumps encountered.
L - {
4o| Cheyenne | onglo o 5728 A.M.| g, (100) | 1.3 4.2
e ee| 2782242 gl .| 00| 147 | 4 8.4V
Se1b loke| soalo pagy| 9300 A | 5 gl(100) 11601 6.5 v
#!™ geno i 8lisn as paw.| "0| 147 | .25 |-9.7 ¥
Reno 12:58 P.M. (100) |1.45| 5.8 Y Clear. Wind  |Generelly rough all the
44| = 276(2-2 . 000
Oaklend 76 451 2:40 P.M. 8.8 147 25 | ~9.7 7 ‘ " | ¥.E. 14 m.p.h. |way. Semi-severe
at altitude. bumps at Sierra Summit
¥.%. in Sacra~ |and San Franclsco Bay
mento Valley area.
at ground.
Salt Leke 11:14 P.K. (100) 1.0 0 v Clear. Wind To bumps.
45 =l . :
| Remno 713712-26-31 3:45 A.H. 3.5 147 11,0 o 5000 W.N.¥. 10 to
30 m.p.he
Remarks
40|Night flight. Record very smooth.
41 |¥Wight flight. Record very gmooth.
42!Pilot made no report. Record shows generally rough air.
43|P11ot made no report. Record similar to No. 42.
44| —eem
45|Night flight. Record very smooth.
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N.i.C.A. Accelerometer Measurements in Rough Air (Conttd)

TABLE III.
* * Rk
= 8 g~ @
&) e
3 o i - \Z] E_rm U1mél EE
5l * g . o = g el Veather Pilot's comments
rg 2] .a k) B s B i ! q
&l o Bl e 2 (apb) | ¢ 8\Tp. | 4
= o - = oy N 5 R
[+ A ~ 8 o £.pead & o 1<
2| Beno w137l o n6-g1| 3:58 AMe g o1(100) |1.35) 4.8 g000 | Olear. Wind 5.¥.|Worst bumps, Reno to
Oaklaﬂd 6:00 A-u. 147 -60 "5;4‘ 14 m.p-h. TI'uckeS-
Oakland 8:00 P.M. (120) |1.45( 5.5 Clzgr. Wind east|B t
4 7137) 22831 . o g a urpe encountered
7| Remo 10:10 B.M. | 202|176 | .60 ~4.9¢ 20 m.p.h. last 50 miles.
v
Reno 10:22 P.M. (100) jL.45] 6.6 Clear. Wind N. |Some roughn L
4 37|22 . os8 &
8|5a1t Take| 07 |% 28 500 aan [203] 1y | 30203 £ | ¥.E. . 15 m.p.h. | Secret Pass.
Salt Take 10:58 P.M. 100) 1.0 { 0 ¥ Clear. ¥. wind b .
@ Rano 7137-3" 1-31 3:09 A.M. 10.% (14'?) 1.0 C /7090 ‘i;rm@.h.w * o bumps encountered
v .
50| Reno 7157 3 131 AN 10.3 [(100) |1.0 0 o | Clear. Wimd N.E.{No bumps encountered.
Qakland <1 10 | o A 10 m.ph.
51 Salt I.&]::e 7137 3 5 31 5:37 A-n'llr‘l.v 9 8 (100) 1.85 11.9U’
Reno 10:14 A M. "7 147 | .45 | 7.7
Remarks
46|Record shows local bumps were encountered 10 mirmutes after leaving Reno.
47|Record shows worst bumpe were encountered midway between Sacramento and Remo.
48|Record showe two 1oca1 bumps of approximately equal magnitude. XNight flight.
49 |Night flight. BRecord very smooth.
5Q0{Record very smooth.
511Pilot made no report. Maximum logd factors recorded om approaching Remno,
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)
% % - * *% & *uk o
' . -rif:-\ ny Lo
0. 1)) S ﬂ.‘ VI Ezﬁﬂ U"j.lld.- E g
= - g Lo L) W T~ oo .
- = o . LI PR - T +# g1 Weather Pilot's comments
I P — © o S MR T tep. ‘B8
[=] ﬁ-l = @ g. od
[&] (o] [11] g E 4} . E
L1 . 3| 3 £ . 3 5
i * ﬁ 3 ] f-P.S- — -
5| Bemo o1anla. 5.31110:22 Ak 0 01(120) 1.60| 7.24] 1000[clear. ¥ind |Bumps encountered
Oskland 13:07 P.M. 176 40 | ~7.2¥1 0320 [¥-B. 28 m.p.h.|30 miles out of
Reno and between
Jscramento and
Oaklard , with
woret jJust befcre
landing at Oaklang.
53| I8ng 713 _ — 10.0 (100) 11.55 &4" 9000 leood. N. wind |We bumps encoun-
Salt Lalcs 1147 | 50 {-7.1 Y 15 mo b tered. Some
“Pulls roughness while
ing altitude.
171 » _ o
54| Anacoptia, DiColozys j1-28-21 11:57 AMelqq 4 ( 98) [1.52 | 8.6% o4 [CGlear. Wind Worst bumps encoun-
Langley Field 1.13 P.M. 144 53 | -7.8 ¢ 15 m.p.h. tered in first -
third of flight.
Remarks
52| Record shows maximum accelerations vhen leaving Reno and when approaching Oakland .
53| Record shows a few locd bumpe.
54} Fumerous bumps giving load factors of .5 and 1.5.
- References
* Aversge during flight. + Boeing Monomail Model 221; assumed a = 4.1
** Average indicated air speed. ++ Boeing Mailplane Model 40 B; assumed a = 3.9
2 (n-1) L. t+1 Boeing Trimotor Kodel 80; assumed a = 4.0
e - .5 ++++ Vought Corsair; assumed a = 4.0 :
ind. Py & Vi
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N.A.C.A. Technical Note No.374 Fig.3

CALIFORNIA WYOMING s
=/
A L
[y v
,;A : O e ‘*"':}“ ,)a-
[ ' =3 A LAY, o AT

COLORADO

195| xam rranersco /7Y

2R i | i
g § . : i

2 Eoor g ; §§ |
. g PACIFIC TIME ii MOUNTAIN TIME
/1000 A

S — /

,L. ! WISCONSIN

v k. . - .
E‘ N - N « ana v . .
. ; - HASTINGS ow,
2 YT——s e .. CHica®0
. I T — —
g ! T . ILLINOIS
-
3 ‘ § g
L : i i :
2 g S
] )\ CENTRAL TIME 9 —
3 3 3 .
BisTANCGCE T MICES
008
1009
Sevo
e
5 <
9
5. 2,
<
2

Yig.5 Route over which N.A.C.A. acceleromster measurements were made. (See Table III)




208
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% y 7 O=Flignt path angle 4 Cp,
- 518 // p=8lope of 1lift curvo,—————
o U d<rpd,
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Fig. 4 Applied load factors in bumpy alr.
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20 n=cos 6 + _1/3pallV
g b
: ©=Flight vath angle A CL
2 a=8lope of lift curve,———
% l élqiad.
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N.A.C.A. Technical Notz No. 374 Fig. 6
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